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INTERNAL COMBUSTION ENGINE 
HAVING AN EXHAUST-GAS TURBOCHARGER 

BACKGROUND OF THE INVENTION 

The invention relates to an internal combustion engine 
having an exhaust-gas turbocharger with an exhaust turbine 
and a valve arranged in the exhaust gas duct upstream of the 
turbine of the turbocharger for releasing exhaust gas from 
the exhaust gas duct. 

The document DE 198 57 234 Al describes a turbocharged 
internal combustion engine whose exhaust-gas turbine is 
equipped with variable turbine inlet guide vanes for con- 
trolling the effective inlet flow cross- section of the tur- 
bine. The turbine guide vane structure can be inserted axi- 
ally into the inlet flow passages of the turbine and is 
used, in particular in the engine braking mode, to reduce 
the inlet flow cross section of the turbine. As a result, 
the exhaust-gas back pressure is increased and the pistons 
in the cylinders of the internal combustion engine have to 
perform exhaust work against the increased exhaust gas 
pressure. As a result, the engine braking performance can 
be considerably increased. In the engine operating mode, in 
contrast, the guide vane structure is under full load fully 
withdrawn from the inlet flow passages of the turbine, in. 
order to provide for maximum exhaust-gas mass flow through 
the turbine. 

In order to avoid impermissibly high loading of compo- 
nents both at maximum power operation of the engine and in 
the engine braking mode and to achieve controlled operation, 
for example in order to implement a cruise control function, 
a bypass which bridges the turbine and has an adjustable by- 
pass valve is provided, the bypass branching off from the 
exhaust pipe upstream of the turbine and extending to the 



exhaust-gas duct downstream of the turbine. Since consid- 
erably higher exhaust-gas back pressures occur in the engine 
braking mode than in the driving mode, mass flows of the ex- 
haust gas via the bypass of differing magnitude are diverted 
5 with the same opening state of the bypass valve. This has 
to be taken into consideration by different control strate- 
gies for release of exhaust gas via the bypass. 

It is the object of the invention to provide a charged 
internal combustion engine wherein the exhaust-gas mass 
10 flow, which is to be released so as to bypass the exhaust- 
gas turbine, is controlled by simple measures, both in the 
engine braking mode and in the engine driving mode. 

SUMMARY OF THE INVENTION 

15 In an internal combustion engine having an exhaust sys- 

tem with a turbocharger including an exhaust gas turbine 
disposed in the engine exhaust duct, a bypass line connected 
to the exhaust duct upstream of the turbine including a 
valve for diverting exhaust gas flow and bypassing the tur- 

20 bine, the valve includes a valve body having first and sec- 
ond exhaust gas flow control openings of different flow 
cross-sections and being adjustable between a first position 
in which the first flow control openings is in communication 
with the exhaust gas duct, a second position in which the 

25 second flow control opening is in communication with the ex- 
haust gas duct and a blocking position in which exhaust gas 
bypass flow through the valve is blocked. 

With the internal combustion engine according to the 
invention which is equipped with an exhaust gas bypass 

30 around the exhaust-gas turbine, the exhaust-gas mass flow 
through the bypass can be controlled by a valve device, 
whose valve body has two separate communication openings of 
different configuration, so that it is possible to control 
exhaust-gas mass flows of differing magnitude which are to 

35 be released via the bypass. The communication openings in 



the valve body each represent a particular open position of 
the valve device, and one of the communication openings is 
moved into alignment with a release opening of the exhaust 
pipe. Given an identical exhaust-gas back pressure, exhaust- 
5 gas mass flows through the bypass of differing magnitude are 
established in the various open positions of the communica- 
tion openings. If, in contrast, no exhaust gas is to be re- 
leased, it is possible to move the valve body to a closed 
position. 

10 With two different open positions each open position of 

the valve device can be used for different operating states 
of the internal combustion engine. It is thus, in particu- 
lar, possible to use a first open position with the engine 
in a driving mode and the second open position to the engine 

15 in a braking mode. As there is an increased exhaust-gas 
back pressure in the exhaust-gas duct section upstream of 
the exhaust-gas turbine in the engine braking mode if the 
exhaust-gas turbine is equipped with a variable guide vane 
structure for variable settings of the effective entry flow 

20 cross-section of the turbine and the turbine guide vanes are 
in the blocking position so that the upstream exhaust gas is 
compressed, a higher exhaust-gas mass flow is potentially 
released when the valve is opened than in the normal engine 
driving mode, in which the turbine guide vanes are in the 

25 open position and in which accordingly a lower exhaust-gas 
back pressure is present. This potentially higher exhaust- 
gas mass flow to be released in the engine braking mode can 
be controlled in a better and more precise way by the rele- 
vant communication opening, which in the open position of 

30 the valve device assigned to the engine braking mode, per- 
mits a smaller exhaust-gas mass flow with comparable adjust- 
ment movement of the valve body than the communication open- 
ing which, in the second open position, is assigned to the 
engine driving mode. This differing release behaviour via 

35 the two communication openings is achieved, for example, by 



cross-sectional areas of different size and/or different 
cross-sectional shapes of the communication openings. Here, 
the communication opening provided when the engine is in 
braking mode advantageously has a smaller cross-sectional 
5 area than the communication opening provided when the engine 
is in the driving mode. 

But even if the cross-sectional areas are the same, re- 
lief mass flows of different magnitude can be provided, as a 
function of the adjustment travel distance, if the communi- 

10 cation openings have different cross-sectional shapes. As a 
result, congruences of differing size between the relevant 
communication opening and the release opening of the exhaust 
pipe can be provided with identical adjustment travel dis- 
tances. Optionally, the different cross-sectional shapes 

15 are also combined with cross-sectional areas of different 
sizes. 

The valve body is configured, in particular, as a hol- 
low-cylindrical rotary slide member which can be rotated 
about its longitudinal axis. In this embodiment, the two 

20 communication openings are arranged at different angular po- 
sitions and provide for communication from the outside of 
the hollow body to the inside of the hollow body, to which 
the bypass line is connected. 

In an alternative embodiment, the hollow body can also 

25 be displaced in a translational manner in the direction of 
its longitudinal axis; in this embodiment, the communication 
openings are situated at different axial positions on the 
valve body. 

According to a further embodiment, valve bodies which 
30 are not configured as hollow bodies are also suitable. Here, 
they may be simple slides which are displaced by translation 
or rotation and are incorporated in the form of two communi- 
cation openings of different shape and/or different size. 

According to a another expedient embodiment, the ex- 
35 haust-gas collection space in the exhaust-gas turbine which 



is upstream of the turbine wheel has two separate exhaust- 
gas manifolds which are each in communication with an ex- 
haust pipe of the engine, the two exhaust-gas pipes expedi- 
ently having different sizes. An exhaust gas recirculation 
5 line of an exhaust-gas recirculation system branches off 
from the smaller exhaust-gas pipes. A higher exhaust-gas 
back pressure can be set in this exhaust pipe because of the 
smaller dimensions of this exhaust-gas manifold, so that it 
is possible to perform exhaust-gas recirculation within a 

10 wide operating range of the internal combustion engine. In 
this refinement, the release openings of the two exhaust 
pipes of the manifolds are dimensioned in such a way that 
the two exhaust-gas flows through the release openings to 
the bypass are approximately of the same magnitude. 

15 The invention will become more readily apparent from 

the following description of the invention on the basis of 
the accompanying drawings: 



BRIEF DESCRIPTION OF THE DRAIWINGS 
20 Fig. 1 is a schematic representation of a charged internal 
combustion engine having an exhaust-gas turbine with 
two exhaust-gas inlet passages which are each sup- 
plied with exhaust gas via an exhaust pipe, each ex- 
haust pipe being connected to a manifold of a bank 
25 of cylinders of an internal combustion engine, and 

having a valve device, by means of which exhaust gas 
can be released via a bypass which bridges the ex- 
haust-gas turbine, 

30 Fig. 2 shows a section through a valve device, by means of 
which the exhaust-gas mass flow to be released can 
be controlled, 

Fig. 3 shows a diagram illustrating the profile of the re- 
35 lease cross-section as a function of the adjustment 



5 



angle of the valve device, shown for two different 
communication openings in the valve body, of which a 
first communication opening is assigned to the en- 
gine driving mode and the second communication open- 
5 ing is assigned to the engine braking mode, 

DESCRIPTION OF A PREFERRED EMBODIMENT 
The internal combustion engine 1 shown in Fig. 1 is a 
spark-ignition engine or a diesel engine having two banks of 

10 cylinders la and lb, from which the exhaust gas is dis- 
charged via exhaust pipes 4a and 4b of an exhaust-gas system 
4. The internal combustion engine 1 includes an exhaust-gas 
turbocharger 2, which comprises an exhaust-gas turbine 3 in 
the exhaust-gas system 4 and a compressor 5 in the intake 

15 section 6, the compressor 5 being driven by the exhaust-gas 
turbine 3 via a shaft 7. During operation of the internal 
combustion engine, air at the atmospheric pressure pi is 
drawn in by the compressor 5 and compressed to an increased 
pressure p 2 , at which pressure the combustion air is fed to a 

20 charge air cooler 8. After being cooled in the charge air 
cooler 8, the charge air is supplied with the charge air 
pressure P 2 s to the cylinders of the internal combustion en- 
gine 1. The exhaust gases which are to be fed to the ex- 
haust-gas turbine 3 via the two exhaust pipes 4a and 4b are 

25 upstream of the exhaust-gas turbine at the exhaust-gas back 
pressure p 3a and p 3b , respectively, . After it is expanded in 
the exhaust-gas turbine 3, the exhaust gas is discharged at 
the expanded pressure p 4 . 

The internal combustion engine 1 is equipped with an ex- 

30 haust-gas recirculation device 9, via which it is possible 
to transfer exhaust gases from the exhaust-gas section 4 
into the intake section 6 downstream of the charge-air 
cooler 8. The exhaust-gas recirculation device 9 comprises 
a recirculation line 10 which branches off from the first 

35 exhaust pipe 4a and extends to the fresh air supply duct 6. 



An exhaust-gas cooler 11 and a downstream one-way or shut- 
off valve 12 are arranged in the exhaust gas recirculation 
line 10. The one-way valve 12 prevents exhaust gas from 
flowing back into the exhaust pipe and is expediently con- 
5 figured as a passive component. It may, however, also be ex- 
pedient to configure the shut-off valve 12 to be adjustable, 
so that the latter can be opened and closed as a function of 
operating variables of the internal combustion engine. 

The exhaust-gas turbine 3 is equipped with a variable 

10 vane structure 13, by which the effective entry cross- 
section of the turbine can be controlled between a minimum 
flow or blocking position and a maximum flow or open posi- 
tion. It is possible to influence the behavior of the in- 
ternal combustion engine by adjusting the variable vane 

15 structure, both in the engine driving mode and in the engine 
braking mode. 

The exhaust-gas turbine 3 has two inlet passages and 
comprises an exhaust-gas collection space which is arranged 
upstream of the turbine wheel, and which is configured, in 

20 particular, as a helical passage comprising two exhaust-gas 
inlets 3a, 3b. Each exhaust-gas inlet 3a, 3b is connected 
to one of the exhaust pipes 4a and 4b, respectively. The 
two exhaust-gas inlets 3a and 3b are configured to be of 
different size. The exhaust-gas inlet 3a which is supplied 

25 with exhaust gas via the exhaust pipe 4a and from which the 
exhaust gas recirculation line 10 of the exhaust-gas recir- 
culation system 9 branches off is expediently smaller than 
the exhaust-gas inlet 3b which is not involved in exhaust- 
gas recirculation . 

30 Exhaust gas from one or both exhaust pipes 4a and 4b can 

be routed to bypass the exhaust-gas turbine via a valve de- 
vice 14 disposed upstream of the exhaust-gas turbine 3 and a 
bypass line 17 which bypasses the exhaust-gas turbine. The 
valve device 14 is coupled to the exhaust pipes 4a and 4b 

35 via two connecting lines 15 and 16. The bypass line 17 



which extends in the exhaust-gas duct downstream of the ex- 
haust-gas turbine 3 branches off from the valve device 14. 

The valve device 14 has a hollow-cylindrical valve body 
21 which can be rotated about its longitudinal axis by an 
5 actuator 20 between a closed position, in which release of 
exhaust gas from the exhaust-gas ducts 4 is prevented, and 
two different open positions. Two communication openings 18 
and 19 are incorporated into the valve body and are each as- 
signed to one of the open positions, in which one of the 

10 communication openings is flow-connected to one or to both 
of the connecting lines 15 and 16 and exhaust gas can flow 
into the interior of the hollow-cylindrical valve body 21 
via the respective communication opening, the bypass 17 be- 
ing in communication with the valve body 21. In the closed 

15 position, in contrast, the valve body 21 is rotated to such 
an extent that the communication openings are displaced from 
the release openings of the connecting lines 15 and 16 and 
therefore all communication between the exhaust pipes 4a and 
4b and the bypass 17 is blocked. 

20 Moreover, the internal combustion engine 1 includes a 

control unit 20, via which the adjustable units of the in- 
ternal combustion engine can be set as a function of state 
and operating variables. This relates, in particular, to the 
variable turbine geometry 13 and the valve device 14. 

25 Fig. 2 shows a section through the valve device 14. The 

hollow-cylindrical valve body 21 is rotatably mounted in a 
valve housing 26 and can be adjusted between its open posi- 
tions and its closed position by an actuator 20a. The com- 
munication openings 18 and 19 are incorporated into the wall 

30 of the valve body 21 and have a cross-sectional area of dif- 
ferent size, the first communication opening 18 with the 
smaller cross-sectional area being assigned to the first 
open position, which is assumed by the valve device 14 in 
the engine braking mode, and the second communication open- 

35 ing 19 with the larger cross-sectional area corresponding to 



the second open position, which is assumed by the valve de- 
vice 14 in the engine driving mode. The two communication 
openings 18 and 19 are separated by a wall section 22, which 
extends between them and is expediently forms the blocking 
structure in the closed position of the valve device. 

Two exhaust gas release openings 24 and 25 are incorpo- 
rated into the valve housing 26 corresponding to the inlet 
openings of the connecting lines 15 and 16 which branch off 
from the two exhaust pipes 4a and 4b (Fig. 1) . The release 
openings 24 and 25 advantageously have different cross- 
sectional areas, the first release opening 24, which is as- 
signed to that exhaust pipe, which leads to the exhaust-gas 
manifold with the smaller cross section, also having a 
smaller cross-sectional area than the adjacent release open- 
ing 25 for the second exhaust pipe or the exhaust-gas inlet 
passage with the larger cross section. The two release 
openings 24 and 25 can be configured as separate openings in 
the valve housing 26. It may, however, be expedient to pro- 
vide only one common release opening for both connecting 
lines or exhaust pipes without a separating wall in between. 

The larger communication opening 19, which is assigned 
to the engine driving mode, has approximately the same 
cross-sectional area as the two release openings 24 and 25 
taken together. The wall section 22 between the two commu- 
nication openings 18 and 19 extends over an angular segment 
which allows the two release openings 24 and 25 to be com- 
pletely blocked. This closed position of the valve device 
14 is referred to as the central position <p 0 , starting from 
which a rotational movement in accordance with the direction 
of the arrow cp B R (see also Fig. 3) rotates the valve body 21 
until the first communication opening 18 moves into an over- 
lapping position with the release openings 24 and 25. In 
contrast, rotation from the central position cp 0 in the oppo- 
site direction in accordance with the arrow cp AN moves the 
opening 19 to the second open position, which is assigned to 



the engine driving mode and in which the second communica- 
tion opening 19 moves into an overlapping position with the 
release openings 2 4 and 25. 

In each of the two open positions of the valve device 
14, exhaust gas can be released via the release openings 24, 
25 and the relevant communication opening 18 or 19 radially 
into the cylindrical interior 23 of the valve body 21 and 
onward in the axial direction into the bypass line 17 con- 
nected to the valve 14. 

The diagram according to Fig. 3 shows the the release 
opening cross section A as a function of the adjustment an- 
gle cp. The release opening cross section A BR increases dur- 
ing rotation of the valve body, starting from the central 
position cp 0 , in the direction cp BR from the value 0 to a maxi- 
mum value A B R,max which is achieved at the angular position 
cpBR,max- This release cross section is achieved in the first 
open position and corresponds to the cross-sectional area of 
the first communication opening 18. 

In a corresponding manner, the release cross section A AN 
rises during rotation of the valve body in the opposite di- 
rection, starting from the central position cp 0/ with an in- 
creasing rotational angle cp AN from the value 0 to the maximum 
value A an, max which is achieved at an angular position cp A N,max. 
This maximum release cross section is assigned to the com- 
bustion driving mode and corresponds to the cross-sectional 
area of the second communication opening 19. 
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